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BACKGROUND
The durability of cementitious materials is closely related to
water transport within the material. The dynamic
microstructure of calcium silica hydrate (C-S-H) - the main
hydration product of cement - is researched widely and may
impact transport. The macro-scale redistribution of water
during drying / wetting in different types of pores is
investigated by Magnetic Resonance Imaging (MRI).
METHOD
Magnetic Resonance Imaging (MRI, Figures 1 and 2) is a
powerful technique to visualise water in cement samples.
NMR spin relaxation time (T2) provides water filled pore size
distribution (PSD) information, signal frequency encodes
position and signal intensity encodes how much water there
is overall.
The SPRITE (Single-Point Ramped Imaging with T1
Enhancement) pulse sequence enables imaging of water
with short (100 μs) relaxation times characteristic of the
smallest pores (interlayers and gel pores) in cement. Water
content ρ, is calculated using the following equation by
multiexponential fitting of the image intensity S on a pixel-
by-pixel basis across several images
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where,
T1,T2*- the longitudinal and transverse relaxation times [μs],𝜏– the pulse-pulse interval time [μs],𝑡p – the encoding time [μs],𝛼 – the flip angle [radians].
RESULTS
DISCUSSION AND OUTLOOK
In this experiment, we observe that capillary and gel
pores (T2 = 400 μs) are initially emptied. Smaller interlayer
spaces first increase (150 μs) because larger pores
collapse and because a residual surface layer of water is
left behind in gel pores. In this sample, the drying is
surprisingly uniform with position, especially given the
signal loss decreases close to t0.5.
Future experiments will compare different drying regimes
and the first and second drying cycle. Results will be
compared with a new transport model solved using a
Monte Carlo simulation code.
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Figure 1: The 60 MHz Magnetic
Resonance Imaging system.
Figure 2: Excitation pulse and
signal decay.
Figure 3: Example images from
a 3D data set of a hollow
cylindrical (d=2.5 cm) cement
sample for radial drying expts.
Note the air bubble.
Figure 4. Drying profiles of a 6
cm long as prepared cylindrical
sample oven dried from ends at
40 oC before drying and after 1,
7 and 22 days.
Figure 6: Left: The evolution of the filled PSD of a 40 oC oven dried
cement paste sample at depths of 1, 2 and 3 cm from one end
drying surface. The total is shown, then “small” refers to pores <10
nm; “large" to pores >10 nm. Right: NMR integrated total signal
varies linearly with sample mass demonstrating quantification.
Figure 5: A multi-exponential
fit to 1D image intensities as a
function of encoding time, tp,
used to extract the filled PSD.
The fit yields the T2
distribution. T2 is inversely
proportional to pore size.
